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Two new species of cornulitids, Cornulites zatoni sp. nov. and Cornulites vilcae sp. nov., are described from the lower
part (Sandbian) of the Calapuja Formation of south-western Peru. Late Ordovician cornulitid diversities of Peru (Gond-
wana) and Estonia (Baltica) are similar. Aggregative growth form dominates among the cornulitids of the Sandbian of
Peru. Multiple oriented C. zatoni sp. nov. specimens on a strophomenid brachiopod likely represent a syn vivo
encrustation. Cornulitids from the Sandbian of Peru differ from those known from the Sandbian of Baltica. C. zatoni sp.
nov. possibly also occurs in the Late Ordovician of Laurentia. • Key words: problematic fossils, tubeworms, Sandbian,
Gondwana.
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Cornulitids are mostly known as common hard substrate
encrusters, and like other encrusters (Taylor & Wilson
2003), generally retain their original position on the sub-
strate after fossilization. They are especially common in
shallow marine sediments, usually associated with carbo-
nate platforms (Zatoń & Borszcz 2013). Their stratigraphi-
cal importance is much less than that of their free-living re-
latives the tentaculitids (Bond 2006, Wittmer & Miller
2011), but cornulitids are important paleoecologically (Ri-
chards 1974, Vinn 2010). These tubeworms are found only
in normal marine sediments and they have a stratigraphical
range from Middle Ordovician to Late Carboniferous
(Vinn 2010). Late Ordovician cornulitids apparently gave
rise to microconchids (i.e. small spirorbiform tubeworms),
which could live in waters of various salinities (e.g., Zatoń
et al. 2012, 2014), and were presumably direct ancestors
also of free-living tentaculitids (Vinn & Mutvei 2009, Vinn
2010).
Cornulitids had a range of ecologies, with seven adap-
tive strategies: (1) general hard substrate encrusters;
(2) non-distorting symbiotic solitary encrusters; (3) selec-
tive endosymbionts; (4) selective distorting symbionts;
(5) secondarily free solitary soft-bottom dwellers; (6) ag-
gregative soft-bottom dwellers; and (7) symbiotic aggre-
gative hard substrate encrusters (Vinn 2010).
Ordovician cornulitids from South America are poorly
studied, with only a single paper illustrating some speci-
mens from Peru (Chacaltana et al. 2010). The majority of
studies of Ordovician cornulitids have been focused on
faunas of North America (Hall 1847, 1888; Richards 1974)
and Europe (Schlotheim 1820, Murchison 1854). These
mostly 19th century species are difficult to recognize in the
peri-Gondwanan margin of South America and Africa.
The aims of the current paper are to: (1) systematically
describe cornulitid tubeworm fossils from the Late Ordovic-
ian of Peru, and (2) discuss the diversity, ecology and
palaeobiogeographical distribution of Ordovician cornu-
litid tubeworms.
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Material was collected during the fieldwork in 2009 and
2013. Collected specimens were preserved as external and
internal moulds. Latex casts were made from all of the col-
lected external moulds in order to better compare the mate-
rial with well-preserved cornulitid specimens from the Or-
dovician of North America, China and Estonia. The latex
casts were whitened with MgO and photographed with a
scale bar using a Canon EOS 5D digital camera with a Ca-
non Compact-Macro EF 100 mm.
The original specimens from which latex casts are
made are housed in the collections of the Instituto
Geológico Minero y Metalúrgico (Lima, Peru), Código
Paleontológico INGEMMET (CPI) and assigned registra-
tion numbers CPI-7011 to CPI-7028.
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The study area (Fig. 1) is situated ca 50–120 km northwest
of Lake Titicaca in the Altiplano (high plains) of the Puno
Department, southwestern Peru. This morphotectonic re-
gion is located in the northern part of the Central Andean
Palaeozoic Basin, being continuous with the Bolivian Al-
tiplano (in a south-west direction) and running southwards
to reach the Puna (= Altiplano) of northwestern Argentina
and north Chile.
Ordovician sedimentary rocks of the Peruvian
Altiplano are assigned to the Calapuja Formation (sensu
lato), a thick siliciclastic succession mainly observed in the
Palaeozoic inliers of Ayaviri and Juliaca, displaying a
NW-SE trend (Laubacher 1977, 1978). The Calapuja For-
mation sensu stricto, as revised by Klink et al. (1986) and
Palacios et al. (1993), is a marine shale-sandstone succes-
sion with a maximum thickness of 4000 m. The base and
the exact age of the formation are unknown, being usually
equated with the Upper Ordovician. Several fossiliferous
assemblages occurring in the lower third of the Calapuja
Formation have been recently reviewed by Villas et al.
(2015) and placed in the upper Sandbian. North of the
Ayaviri Fault, the outcrops of what was also considered to
be Calapuja Formation near Ayaviri (Laubacher 1977,
1978) were recently reinterpreted as the western prolonga-
tion of the Sandia Formation of the Eastern Cordillera
(Díaz-Martínez et al. 2001). However the latter unit, domi-
nated by sandstones, shows a complex stratigraphical de-
velopment, more intricate than previously believed, in-
volving diverse and probably non-correlated units from
both the sedimentary and chronostratigraphical points of
view (Gutiérrez-Marco et al. 2010). As the Sandbian fossil
localities placed near Ayaviri that were later ascribed to the
Sandia Formation by Díaz-Martínez et al. (2001) show
palaeontological resemblances with those of the typical
Calapuja Formation, they are provisionally placed in the
latter unit.
In the present paper we have examined the cornulitids
collected from three localities of the Calapuja Formation,
NW of Lake Titicaca (Fig. 1). From the southern Calapuja
inlier, the Totoracancha-Tilcara section provided abundant
specimens, all coming from bed C3 of Villas et al. (2015,
figs 1 and 2), and two more from correlative strata occur-
ring at the “Queñuane-west” section near the Queñuane
ranch, ca 4 km south of Calapuja. From the Ayaviri inlier,
several specimens were collected at the fossil locality
“Punco creek” of Laubacher (1977, p. 38). According to
the associated brachiopods and trilobites, all examined
cornulitid material comes approximately from the same
beds in the lower part of the Calapuja Formation (upper
Sandbian).
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A). • B – detail of the position of the Punco locality near Ayaviri, yielding Cornulites vilcae sp. nov. • C – map with the Totoracancha and “Queñuane
west” localities near Calapuja, yielding Cornulites zatoni sp. nov.
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Phylum Incertae sedis
Class Tentaculitida Bouček, 1964
Order Cornulitida Bouček, 1964
Family Cornulitidae Fisher, 1962
Genus Cornulites Schlotheim, 1820
Type species. – Cornulites serpularius Schlotheim, 1820,
Silurian of Gotland, Sweden.
Cornulites zatoni sp. nov.
Figure 2A–D
1888 Cornulites sp. – Hall, p. 12, pl. 115, fig. 24.
2010 Cornulites sp. 2. – Chacaltana et al., p. 215,
figs 1.5–1.7.
Types. – Holotype: CPI-7013a (Fig. 2C). Paratypes:
CPI-7011-7012 and 7013b to CPI-7026 (Fig. 2A–D).
Diagnosis. – Tubes small, expanding slowly to moderately
rapidly in diameter. Covered externally with prominent,
well-developed but irregularly shaped annulations that
have sharp crests and deep interspaces; well-developed,
fine longitudinal costae present.
Material. – Ninety-six moulds of tubes, mostly complete
and in the form of aggregates. Some tubes are attached to
the strophomenid brachiopod Colaptomena expansa ex-
pansa (Sowerby, 1839).
Locality. – Totoracancha (Chacaltana et al. 2010; Villas et
al. 2015, fig. 1.B1), ca 2.5 km west of the town of Calapuja,
Department of Puno, Peru: lat. 15° 18´41.8˝ S, long. 70°
14´27.9˝ W, alt. 3858 m. In addition to the type locality, a
single specimen of the same species (CPI-7026) comes
from the “Queñuane west” locality, also in the Calapuja
area (Fig. 1C).
Stratigraphy. – Fossiliferous sandstone bed rich in rhyn-
chonelliform brachiopods, with some cornulitids, gastro-
pods, bivalves, bryozoans, crinoids and trilobites; identi-
fied as horizon C3 in the Totoracancha-Tilcara section of
Villas et al. (2015, Fig. 2). Lower part of the Calapuja For-
mation, 60 m below the base of the quartzitic unit Q3 at the
stratotype section. This bed was considered as Sandbian in
age by these authors, being probably equivalent to the Sa2
stage slice of Bergström et al. (2009).
Etymology. – In honour of Dr. Michał Zatoń (University of
Silesia, Poland) for his thorough investigations of tentacu-
litoid tubeworms.
Description. – Tubes can be attached to the shells of bra-
chiopods or form free aggregations of up to eleven tubes.
Various growth stages may be present in a single aggrega-
tion. Tubes cemented to brachiopods can be oriented in pa-
rallel or lack such orientation. Tubes are small, mostly
straight, but some can be curved to slightly sinuous. They
are 5.0 to 20.0 mm long and have apertures 1.2 to 3.0 mm
wide. The tube wall is relatively thin. Tube expanding
slowly to moderately rapidly in diameter. Tube divergence
angle is 6° to 10°. Tubes covered externally with prominent
well developed but irregularly shaped annulations. There
are six to seven annuli per 5 mm of tube at a diameter of
2.5 mm. The dimensions of annuli gradually but somewhat
irregularly increase with the growth of the tube. The crests
of annuli are sharp and the spaces between the annular
crests are deep. Tube base is not widened at the contact
with the substrate. Internal annuli are prominent and have
an irregular shape; they are 0.4 to 0.5 mm wide at the aper-
ture of a relatively small specimen. The tubes are exter-
nally covered by well-developed, regular and fine longitu-
dinal costae. There are 10 to 12 costae per 1mm at a tube
diameter of 2.5 mm.
Discussion. – This new species closely resembles Cornuli-
tes flexuosus (Hall 1847, p. 92, pl. 29, fig. 6, pl. 78, fig. 2) in
its well-developed annulation and costae but differs in the
smaller angle of tube divergence, finer costae and less re-
gularly shaped annuli. It is also somewhat similar to the
Cornulites sp. A of Vinn (2010, p. 110, fig. 6) in its relati-
vely well developed annuli and fine costae, but differs by
having less regularly shaped annuli and better developed
costae. Another similar species, Cornulites annulatus
(Schlotheim, 1820), also has well-developed annulations
(Murchison 1854, p. 86, fig. 4), but these are less regular
than in the new species.
Cornulites vilcae sp. nov.
Figures 2E, F
2010 Cornulites sp. 1. – Chacaltana et al., figs 1.3 and 4.
Types. – Holotype: CPI-7027a (Fig. 2E right). Paratypes:
CPI-7027b (Fig. 2E left) and CPI-7028 (Fig. 2F).
Diagnosis. – Straight solitary large free tubes, expanded
moderately in diameter, with sharp annular crests, ring-
like. Interspaces between crests relatively deep and long.
Material. – Two complete external moulds and one partial
external mould.
Locality. – Punco Punco creek (Laubacher 1977, p. 38), ca
4.5 km northwest from the city of Ayaviri, Department of
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Puno, Peru: lat. 14° 50´37.9˝ S, long. 70° 34´20.2˝ W, alt.
4015 m.
Stratigraphy. – Massive sandy shales, probably late Sand-
bian in age, from the lower part of the ?Calapuja Forma-
tion, Late Ordovician.
Etymology. – In honor of Ms. Susana G. Vilca Achata, cur-
rent director of INGEMMET (the National Geological Sur-
vey, Lima), who actively promotes palaeontological work
in Peru in the frame of research on Peruvian natural heri-
tage, and who was born in the Department of Puno in which
the type locality is placed.
Description. – Solitary large free tubes. Tubes are straight
and covered externally with well-developed prominent re-
gular annuli. Annular crests sharp, ring-like, with relati-
vely deep and long interspaces and are oriented perpendi-
cular or slightly oblique to the longitudinal axis of the tube.
Tubes are 28.0 to 29.5 mm long and have apertures 5.0 to
5.3 mm wide. Tube diameter expansion rate is moderate,
with tube divergence angle 10° to 11°. There are three an-
nuli per 5 mm of tube at the diameter of 5.0 mm. The di-
mensions of annuli gradually and relatively regularly in-
crease with the growth of the tube. The internal annuli are
prominent and have an irregular shape; they are 1.1 to
2.0 mm wide at diameter of 5.0 mm. Tubes lack longitudi-
nal costae and the surface of the annuli is smooth.
Discussion. – The new species is somewhat similar to Cor-
nulites sp. A of Vinn (2010, p. 110, fig. 6) in its relatively
regular annuli and long interspaces between annular crests,
but differs in having sharper ring-like annular crests and
deeper interspaces between the crests. It also resembles
Cornulites sterlingensis (Meek & Worthen 1865, p. 255) in
its well-developed annuli but differs from this species by
the lack of costae and more ring-like annular crests. The
new species is similar to Cornulites scalaris (Schlotheim
1820, pl. 29, fig. 6) in its regular annulation, but differs in
having less prominent annuli and a more conical shell. The
new species differs from Cornulites zatoni sp. nov. in hav-
ing regular annulation and larger tubes. Tube divergence
angle of the new species is slightly larger than in C. zatoni
sp. nov.
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The presence of two species of cornulitids in the Sandbian
of Peru is similar to the situation in Estonia from where two
species of Cornulites with non-overlapping stratigraphical
ranges have been recorded (Vinn 2013). The Katian fauna
of cornulitids is richer in Baltica, where seven species oc-
cur, with a maximum of three species occurring together
(Vinn 2013). Thus, Late Ordovician cornulitid diversities
of Estonia (Baltica) and Peru (Gondwana) appear to be si-
milar. North American Late Ordovician cornulitids (Hall
1847, 1888) seem to be more diverse than faunas from Es-
tonia and Peru. On the other hand, only one species of cor-
nulitids is known from the Late Ordovician of South China
(Zhan & Vinn 2007). Two cornulitid species – Cornulites
annulatus (Schlotheim, 1820) and Cornulites scalaris
(Schlotheim, 1820) – occur in the Late Ordovician of Bri-
tain (Avalonia) (Murchison 1839), and C. scalaris was also
mentioned from the Late Ordovician of Spain (Verneuil &
Barrande 1855). The cornulitid record in Bohemia (Czech
Republic) is mostly restricted to Katian to Hirnantian strata
(Barrande 1867), with two species first appearing in diffe-
rent Sandbian formations, C. confertus Barrande, 1867 and
C. mescai (Prantl, 1948). From the Katian of Sardinia
(Italy), six cornulitid species have been described (Mene-
ghini 1857, Vinassa de Regny 1927, Spano 1974), all very
different from the Peruvian taxa but showing some resem-
blance (Spano 1974) with rare Late Ordovician cornulitids
known from Scotland (Cowper Reed 1923). It seems that
diversity of cornulitids in the Late Ordovician was relati-
vely low everywhere, and that many of the Late Ordovician
species described from peri-Gondwanan Europe (in part
originally referred to the genera Tentaculites or Conchico-
lites) are needed of an in-depth review.
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All the studied cornulitids from the Sandbian of Peru occur
in normal marine shelf sediments. However, cornulitids are
usually common in shallow waters of carbonate platforms
(Vinn 2013), but in the Sandbian of Peru they occur in sili-
ciclastic deposits. Thus, early cornulitids had colonized va-
rious marine sedimentary environments by the Sandbian.
The Peruvian facies were formed in shallow-water envi-
ronments – coquinoid sandstones with hummocky-cross
stratification in Calapuja, perhaps more quiet waters in
Ayaviri – implying in both cases deposition between the
fair-weather wave base and storm wave base. Thus, Late
Ordovician cornulitids may have preferred shallow water
environments. Most cornulitids in the Sandbian of Peru
have an aggregative growth form. The secondarily free so-
litary forms are relatively rare, as are cornulitids attached
to the brachiopods. Dominance of aggregative growth
forms in the Sandbian of Peru contrasts with the situation
in the Late Ordovician of Baltica where all of the cornuli-
tids are attached to brachiopods (Vinn 2013). One could
explain this by different sedimentation environments. Ag-
gregative growth forms may have been favourable in sili-
ciclastic basins. However, aggregation is often seen in
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Silurian cornulitids from carbonate facies. Alternatively, in
decalcified siliciclastic rocks, cornulitids may not be so eas-
ily noticed when encrusting brachiopods etc. singly; how-
ever, aggregations of tubes will be much more conspicuous.
Secondarily free forms and aggregative forms have not
been described from carbonate platform sediments of
Sandbian of Baltica. Thus, it is possible that cornulitids in
siliciclastic basins may have had more diverse life modes.
In one case brachiopod shell was likely encrusted post
mortem indicated by lack of orientation among encrusting
cornulitids. However, multiple oriented cornulitids on a
strophomenid brachiopods (externally) likely represent a
syn vivo encrustation (Fig. 2D), but no brachiopod shell
malformations occur near cornulitids. In the latter case the
Cornulites zatoni sp. nov. could have taken advantage of
inhalant or exhalant currents produced by the host brachio-
pod (Schumann 1967, Richards 1974).

	
Localities on the Mediterranean margin of Gondwana are
widely accepted to have been positioned in high latitudes
during most of the Ordovician (Harper et al. 2013). In con-
trast, the Laurentian, Kazakh, northern Chinese and East-
ern Gondwanan localities were situated in the tropics


' A–D – Cornulites zatoni sp. nov. from the Sandbian (Calapuja Formation) of Totoracancha, ca 2.5 km west of the town of Calapuja, Depart-
ment of Puno, Peru. • A – paratypes CPI-7011a–k; B – paratypes CPI-7012a–b; C – holotype CPI-7013a (middle specimen) paratypes CPI-7013b–c;
D – young specimens encrusting a dorsal valve of Colaptomena expansa expansa (Sowerby, 1839), CPI-7014. • E, F – Cornulites vilcae sp. nov. from the
Sandbian (?Calapuja Formation) of Punco Punco creek, ca 4.5 km northwest from the city of Ayaviri, Department of Puno, Peru; E – holotype CPI-7027a
(right) and paratype CPI-7028b (left). Scale bars are 5 mm. All specimens are latex casts derived from external moulds.
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(Harper et al. 2013). The Proto-Andean Margin of Gond-
wana (i.e. Peru) was situated at intermediate latitude during
the early Late Ordovician (Villas et al. 2015). Avalonia and
Baltica were located at a similar latitude in the Sandbian,
and several “Celtic” brachiopod species have been identi-
fied recently in the typically Gondwanan assemblage of the
Calapuja Formation (Villas et al. 2015). Thus, it is interest-
ing that the cornulitids from the Sandbian of Peru are diffe-
rent from those known from the Sandbian of Baltica (Vinn
2013) and the Late Ordovician of Avalonia (Schlotheim
1820, Murchison 1839). However, Cornulites vilcae sp.
nov. resembles somewhat C. scalaris from the Late Ordo-
vician of Britain and Spain, although this alone does not
prove a connection between the cornulitid faunas of Peru,
Britain and Spain. It is possible that the distribution of cor-
nulitids could have been controlled more by palaeogeo-
graphical distance than by latitude. Surprisingly, Cornuli-
tes zatoni sp. nov from Sandbian of Peru resembles closely
a Cornulites species (Hall 1888) from the Late Ordovician
of North America (Laurentia). The probable occurrence of
Cornulites zatoni sp. nov. in the Late Ordovician of North
America could indicate that some cornulitid taxa had wide
paleogeographical distributions and could dwell in diffe-
rent climates.
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